The levels of chloromycetin in the serum and other body fluids were determined by a modification (2) of the technique described by members of the Research Laboratories of Parke, Davis and Company (3) . This is a turbidimetric bioassay method in which the amount of drug in a known standard required to produce 50 per cent inhibition of growth of Shigella paradysenteriae (Sonne) 2 is compared with the inhibiting capacity of varying dilutions of the unknown material.
Isolation of rickettsiae. The presence of rickettsemia in patients was demonstrated in the following manner. Freshly drawn blood was defibrinated, by shaking with glass beads, and centrifuged; the plasma was discarded and the sedimented red cells were resuspended in an equal volume of physiological saline solution. One-half cc. of such a suspension was injected intraperitoneally into each of four normal young adult albino mice of one of several inbred lines. Mice inoculated with blood containing rickettsiae generally showed signs of illness between the ninth and 12th days, and died between the 11th and the 14th. With few exceptions, the rickettsial strains recovered in the vicinity of Kuala Lumpur were highly virulent for mice, and usually all of the animals which received the infected blood died unless sacrificed for study. One mouse from the original group was sacrificed when it first showed signs of illness or on the 12th day. When the results were positive, these animals displayed the typical gross pathological changes of experimental Rickettsia tsutsugamushi infection in mice, i.e., enlargement of lymph nodes and injection of vessels observed when the ventral skin was reflected, sero-gelatinous peritoneal exudate, enlargement of the spleen, and accumulations of pleural fluid. Impression smears from the surface of the spleen and scrapings from the peritoneal surface of the abdominal wall, when stained by Giemsa's method, contained intracellular rickettsia-like organisms. The presence of such macroscopic lesions and the finding of rickettsiae microscopically were considered presumptive evidence of R. tsutsugamushi infection. Almost without exception rickettsiae were demonstrated microscopically in at least two of the four mice originally injected with the patient's blood. Furthermore, in the majority of instances a splenic suspension of material, or peritoneal exudate, from a mouse of the original group was passed by intraperitoneal injection to a second group of four normal animals in which the disease picture was reproduced. On a number of occasions the agent was maintained for several months by serial passages in mice. The strain obtained from treated Patient 9 was used as challenge material to demonstrate the immunity of occasional mice convalescent from infections with other strains and to determine whether mice had had inapparent infection following inoculation with a patient's blood. Seven of the strains were brought to the Army Medical Department Research and Graduate School where they were shown by reciprocal crossimmunity tests to be related to the well known Karp strain of R. tsutsugamushi. It was our experience that the attempted isolation of rickettsiae from blood of patients generally gave clean-cut results in the original mice. Thus, the employment of the blind passage technique and the testing of surviving mice for immunity by challenge with known lethal amounts of rickettsiae 1196 rarely yielded indications of rickettsemia in the patient unless the original mice had shown obvious disease. It may be noted that strains of R. tsutsugamushi found in different geographical areas vary considerably in their pathogenicity for mice (4 Tables II and III, respectively. The response following administra- tion of chloromycetin has been so consistent that it will .be sufficient to present certain illustrative cases and to draw general conclusions.
All cases were given an initial oral dose of chloromycetin of about 60 mg./kg. of body weight. Since most of the patients were of small stature and weighed from 50-60 kg., this initial dose was usually between 3.0 and 3.5 gms. Following this dose, the patients were maintained for a variable period of time on 0.25 gm. amounts of drug administered at intervals of three hours. For example, treated Patient 1, whose clinical record is graphically presented in Figure 2 , followed this regime for 48 hours and was then maintained on drug in reduced amounts for the three succeeding days. This patient who was started on chloromycetin on the fifth day became afebrile within 20 hours and remained free of fever thereafter.' As therapeutic experience increased the total amounts of drug and the duration of therapy were reduced (see Table III ). Treated Patient 29, whose record is illustrated in Figure 3 , was started on specific therapy on the sixth day and received a total of 6.5 gms. over a period of 22 hours. He became afebrile within 24 hours after the initial dose. A short course of drug such as used for Patient 29 provided results which appeared to be as satisfactory as those obtained when larger amounts were given over a period of four or five days.
The clinical diagnosis of scrub typhus was confirmed in each of the 30 patients by demonstration of rickettsemia or the development of a positive Weil-Felix reaction (see Table III ). Rickettsiae were isolated from the bloods of 26 of the 30 patients. At least a four-fold increase in titer of agglutinins for the OX-K strain of B. proteus was shown to develop during convalescence in 28 of the patients. Convalescent sera from treated cases Nos. 12 and 24 had OX-K agglutinins in low titer A total of 6.5 gms. of chloramphenicol was given over a period of 22 hours. while treated Patient 13, who was given the antibiotic on the 11th day, became afebrile within 24 hours. The average day on which therapy was begun for the treated group was 6.2 and the last febrile day of the illness was 7.4. This may be compared with that of the last febrile day of illness in the untreated group; this varied between 12 and 31 and averaged 17.1 days.
The first treated patient, although afebrile on the sixth day after onset, was kept in the Military Hospital until the 28th day. As additional patients were added to the series the period of hospitalization steadily diminished from four weeks to about two weeks (see Table III 17, 20 , and 38) but all recovered promptly; the contribution of chloromycetin to their recovery could not be assessed. The efficacy of chloromycetin in the treatment of patients with typhoid fever and murine typhus has been commented upon elsewhere (13, 14) . Neither of the cases of leptospirosis showed marked benefit from chloromycetin during the 24 to 48 hours it was given, at the end of which time the original tentative diagnosis of scrub typhus was changed, penicillin therapy was instituted, and improvement began shortly. The patient with blackwater fever recovered without clinically apparent kidney damage after institution of antimalarial and alkali therapy.
The treatment of volunteers who contracted scrub typhus in hyperendemic areas Thirty-seven of the 75 volunteers who were exposed in hyperendemic areas of scrub typhus in the vicinity of Kuala Lumpur during the course of chemoprophylactic tests (15) developed tsutsugamushi disease. In these tests members of the control group developed scrub typhus during the second and third week after initial exposure while those individuals who received the antibiotic prophylactically, during exposure and the succeeding two weeks, remained well until the second week after drug was discontinued. The ultimate attack rate was not significantly different in the prophylactic and control groups of volunteers, and, except for the prolonged incubation period and the absence of eschar formation, there was no appreciable difference in the disease in volunteers of the two groups.
Data on the 37 volunteers who contracted scrub typhus are given in Table IV where, in addition, information is included on Patients 44 and 45. In general, the volunteers were treated earlier in the course of their disease than were the patients discussed in the previous sections. For example, in a number of instances chloromycetin therapy was instituted on the first febrile day of illness and the average for the 37 volunteers was 3.1 days, which is exactly half that of the treated patients who acquired their disease under strictly natural conditions. Although there was some variation in the amount of drug given and the number of days over which therapy was provided, most of the patients received an initial oral dose of 4.0 gms. followed by a series of seven 0.25 gm. doses given at three hour intervals. The average duration of fever after drug therapy was started was 32.1 hours for this entire group. The averages for each of the four sub-groups consisting of those who had received chloromycetin prophylaxis and the controls in each of two field trials varied between 28.3 and 36.8 hours.
An unusual manifestation was noted in volunteers developing scrub typhus which had not previously been observed in patients who were treated symptomatically or in those mentioned in Table  III who received chloromycetin therapeutically. This was the occurrence of relapses in volunteers who had apparently been cured by the initial course of drug. This phenomenon is discussed at some length in a report of the chemoprophylactic trials (15) . However, it is of sufficient importance to review at this time. Twenty of the 37 volunteers who contracted tsutsugamushi disease in the two trials developed one or more relapses. The first recrudescence appeared between five to 15 days after the initial onset of disease. Since in most instances the initial therapeutic course had not exceeded 24 hours, the average interval between the last dose of drug used in the initial attack and the onset of the relapse was 7.1 days. Eight of the 20 patients had a second relapse which began on the average 6.5 days after the onset of the first recrudescence and 4.5 days after the end of therapy for the first relapse. Three of the group suffered from a third relapse. As in the first two recrudes-cences the interval between this and the preceding febrile episode was about one week.
Patients suffering from their first relapse were treated in essentially the same manner, receiving 3.0 to 6.0 gms. of drug during a period of 24 hours or less. The average duration of the recrudescent fever after beginning therapy was 24.3 hours. Those individuals who had second relapses received 3.0 to 5.75 gms. of drug, but the method of administration differed in this group. Patient CP5 received 3.0 gms. given in a single dose. Patient CP1 received 1.0 gm. daily for five days and the others were treated for a period intermediate between the two. Irrespective of the regime these patients became afebrile within a day. The The diagnosis of scrub typhus was proved by laboratory procedures in all but one of the 37 volunteers who became ill with scrub typhus. These procedures consisted of either isolation of rickettsiae from the blood or the demonstration of the development of a positive Weil-Felix reaction (see Table IV ). The initial relapses were proved to be scrub typhus in the majority of cases by demonstration of rickettsemia, i.e., in 11 of the 14 patients on whom attempts at isolation were made. Similarly, one of two patients examined had rickettsemia during his second relapse. Figure 4 , shows the usual course of the initial disease and the first relapse in the volunteers and the effect of therapy on these febrile episodes. This record also illustrates the findings in most of the individuals who had second and third relapses. It will be seen that this volunteer had a series of relatively mild febrile attacks and that he was ambulatory during most of the time covered by the chart, carrying on desk work but avoiding the more strenuous efforts of field work. The records of Patients CP4 and CP25 resemble that shown in Figure 4 in that these individuals also spent most of their time on duty between febrile episodes.
In contrast to the general rule that the volunteers who suffered from relapses were asymptomatic between their brief recurrent febrile episodes, were the findings in Patient CP30, whose record is summarized in Figure 5 . This individual remained well until the 32nd day after the initial exposure which was ten days after his last prophylactic dose of chloromycetin. He was lost from observation from the 30th day after the first field exposure until the fifth day of his illness. At this time he was given 4.0 gms. of drug over a period of eight hours and became afebrile within 40 hours. As will be seen in Figure 5 may be noted that the absence of this sign delayed the recognition of R. tsutsugamushi infections in northern Australia and Malaya ( 10, 11 ) . The present observations summarized in Table V reemphasize the marked variation in incidence of eschar formation in different groups of patients. Among the 47 patients with naturally acquired scrub typhus seen in the present study, six were Caucasians and the remainder Asiatics. Onehalf of the Caucasians developed eschars whereas only 7 per cent of the Asiatics showed this lesion. The frequency with which eschars appeared among the 37 volunteers who acquired scrub typhus following exposure in infected areas likewise appeared to be related to race but, in addition, was dependent upon whether chemoprophylaxis had been received. Thus, none of the four Caucasians and 11 Asiatics who had received chloromycetin prophylactically during the field trial developed eschars with their attack of scrub typhus, whereas all four Caucasians and two of 18 Asiatics who did not receive chloromycetin during their exposure developed an eschar.
These findings agree with earlier observations in Malaya (10, 11) that eschars are more frequently observed in Europeans than in Asiatics. They also indicate that the prophylactic administration of the specific drug during and following exposure influenced the formation of eschars. While no factual data are available to explain the role of prophylaxis in the eschar formation, it has been postulated elsewhere (15) that during the suppression of growth of rickettsiae by the drug, sufficient local immunity developed in the cutis at the site of the infected bite to prevent subsequent development of the eschar.
Unusual cutaneous lesions in volunteers developing scrub typhus An unusual skin eruption was observed on two of the volunteers (CP2 and CP14) in the first field trial. On the ninth day of exposure these individuals noted a number of small erythematous spots which itched slightly. These occurred in the axillae, groins, popliteal spaces, and around the waist, all areas where mite attachments are most apt to occur. These minor lesions persisted for several days and did not change during the prefebrile period when the primary eschar was developing in these two volunteers. Shortly after the onset of fever, when the primary eschar was already well developed, vesicles having a diameter of 2 to 4 mm. and a height of 1 to 2 mm. suddenly blossomed on the erythematous lesions. These looked like early varicella pocks but fluid could not be obtained when aspiration was attempted. Each volunteer had 50 to 100 vesicles which were limited almost entirely to the trunk, occurring primarily in the axillae and groins, and around the waist. The pock-like lesions receded a day or so after chloromycetin therapy was instituted but again flared up during the first relapse of both volunteers only to subside again when the fever disappeared. One of the volunteers, who was a physician, was convinced that at least six of the vesicles developed on marked sites where mites had been observed attached.
Neither histological studies nor attempts to recover rickettsiae from the lesions were undertaken. It is not possible to say whether these lesions represented unusual allergic reactions to mite bites which became infected during the rickettsemic phase of the disease; or whether they represented aborted primary eschars, occurring at the site of bites of infected mites acquired late in the exposure period, which were controlled by chemotherapy; or whether they were unrelated to scrub typhus.
Chloromycetin in blood, spinal fluid, and milk
The blood level of chloromycetin was determined on a number of occasions in each of the treated patients listed in Table III . Similar determinations were also made on selected patients with scrub typhus from the group of volunteers. There appears to be little point in discussing the blood levels in detail. In general, the data presented in Figures 2 and 3 illustrate the types of curves obtained in the prolonged and short courses of therapy.
The levels of chloromycetin in blood and spinal fluid specimens taken simultaneously were determined in three instances. In addition, on two occasions specimens of blood and milk, obtained at the same time from one of the lactating patients, were assayed. The results summarized in Rickettsemia during afebrile periods The present work brought out a fact not previously recognized, namely, that R. tsutsugamushi may occur in the blood at times when a patient is afebrile and essentially asymptomatic. Patient CP14, one of the volunteers in the prophylactic trial, developed a lesion in the pretibial region of his left leg on the 15th day after initial exposure in the field. This vesicular lesion with a surrounding areola increased in size during the next few days while the patient remained ambulatory. Enlargement of the left inguinal nodes developed, and on the fifth day after its appearance the pretibial lesion was a typical eschar with a black center. It will be seen from Figure 4 that the patient had an elevation of temperature for the first time on the afternoon of the third day after the eschar was noted. A sample of blood obtained on the morning of this day contained R. tsutsugamushi. The rickettsial agent was again isolated from blood taken immediately before chloromycetin therapy was begun on the third febrile day of the illness. This is the first instance on record in which rickettsiae have been demonstrated in the blood prior to the febrile phase of scrub typhus.
From the very beginning of the present work we were interested in determining how rapidly rickettsiae disappeared from the blood of treated patients. Therefore, in treated Patient 1 blood samples were obtained at frequent intervals during the first two and one-half days after therapy 10 - of concentrations of 50 to 100 pg. per cc. of drug such as occurred in the patient's blood samples would not be expected to inactivate the organism. Furthermore, the relatively small amounts of drug present in the material inoculated into mice could not be expected to influence the infection in these animals.
Para-aminobensoic acid in the treatment of scrub typhus Para-aminobenzoic acid has been used with definitely beneficial results in the treatment of a number of rickettsial diseases (20, 21) including scrub typhus (22) . Clinical results with this drug are less striking than are those obtained with the new antibiotic; nevertheless, when used relatively early in the disease, the duration of the febrile period and the mortality are reduced. Several patients with scrub typhus were treated with p-aminobenzoic acid while under our observation during the present work. The record of one of these, Patient P2, is illustrated in Figure 6 . The results obtained in this individual correspond in general with those observed in the other two. The patient was admitted on the evening of the seventh day and at 8:00 p.m. received 6.0 gms. of sodium p-aminobenzoate intravenously. Between then and midnight she was given an additional 11.0 gms. of the drug by mouth. During the succeeding four days she received 25-30 gms. of sodium p-aminobenzoate daily. An adequate blood level was reached and maintained. The fever disappeared by lysis over four days and after the 12th day the patient remained afebrile. In general, the results in our hands agreed with those obtained by Tierney (22) in the treatment of 18 patients with scrub typhus in Assam.
It is our opinion that p-aminobenzoic acid has a place in the treatment of this disease when the newer therapeutic agents are not available.
Lack of toxic manifestations attributable to chloromycetin in treated patients No significant manifestations of toxicity were attributable to the use of chloromycetin in the treatment of 84 patients mentioned in this report; this includes not only 69 patients with scrub typhus but the additional group of 15 with other diseases. The occurrence of mild cerebral stimulation in persons receiving single 4.0 gm. doses of drug has been mentioned elsewhere as has the fact that the administration of 12.0 to 20.0 gms. of drug over a period of three weeks to 34 volunteers in the chemoprophylactic studies was without untoward effect (15) . Most of the treated patients who had acquired their scrub typhus under strictly natural conditions received considerably smaller amounts of drug than did those volunteers in the chemoprophylactic tests who suffered from relapses. Even in the latter group no evidence of toxicity was demonstrated. It may be mentioned that certain of these volunteers, during the course of their prophylaxis and throughout their treatment, received 38.0 to 46.3 gms. of drug over a period of about eight weeks (see Table VIII ). The administration of such large amounts of drug over an appreciable period of time indicates that patients are not readily sensitized to this substance. Even those individuals who received the compound intermittently remained free of evidence of sensitivity.
Red blood cell counts (or hemoglobin levels) and leukocyte counts were done, in so far as possible, both before treatment and during convalescence on all patients suffering from scrub typhus who received chloromycetin therapeutically. In five instances, when severely ill patients were treated in estate hospitals, it was not practicable to obtain pretreatment values. In the evaluation of data obtained in this fashion, it may be pointed out that a significant drop in red blood cell count, i.e., 0.9 million cells or 2.5 gms. of hemoglobin, occurs during the first two weeks of the untreated disease (23) .
Of the 64 patients who received chloromycetin therapy for scrub typhus and who were adequately studied, 27 showed a drop in red blood cell count.
The maximum decrease observed for any one patient was 1.10 million, and the average decrease for the entire group of 64 was 0.11 million. These reductions in red blood cell count are of the same order as those occurring in untreated patients (23) . In the present group, there was an average rise of leukocyte count from 6,700 to 7,400; this also occurred frequently in untreated cases during convalescence. It is interesting to note that chloromycetin was administered to one patient whose leukocyte count at the beginning of therapy was only 1,700. His recovery was uneventful, and, at the time of discharge, the white Routine urine analyses, performed during the acute illness and convalescence, demonstrated no abnormalities that were not present before therapy was initiated. In summary, no significant change of the blood or urine attributable to the administration of chloromycetin was noted.
DISCUSSION
The observations reported at this time clearly indicate that chloromycetin is a highly effective therapeutic agent in the treatment of scrub typhus in man. When properly used, it may be expected to produce obvious improvement in the patient's condition in a matter of a few hours and to render him afebrile in about 30 hours.
The short course of therapy which was used extensively in the present studies consisted of an initial oral administration of approximately 60 mg./kg. of body weight which was followed by an additional 1.5 to 2.0 gms. of drug given as 0.25 gm. tablets at three-hour intervals. This regime appeared to be satisfactory in those patients who acquired their disease during exposure while pursuing their normal occupational duties. On the average these patients were first treated 6.2 days after onset of illness. These individuals all became afebrile in an average of 31.8 hours and remained afebrile thereafter.
The results in volunteers who were purposely exposed in hyperendemic areas of scrub typhus during the course of chemoprophylactic field trials differed from that observed in the patients who acquired the disease during normal occupational exposure in infected areas. Fifty-four per cent of the volunteers who developed scrub typhus subsequently had one or more relapses following the apparent cure which had resulted from the initial treatment. Although the volunteers who had relapses became permanently afebrile, on the average, on the 17th day after onset of original illness, nevertheless, a number of them did not return to full strength and vigor until two or three weeks later. Various factors which might have accounted for the relapse rate in the volunteers have been discussed at length in another paper. (15) .
Among these factors only two that need be mentioned here are (a) the infecting dose was undoubtedly heavy and was probably repeated over a period of days in the volunteers, and (b) treatment was begun appreciably earlier in these persons than in those who acquired their infection naturally. The hypothesis which is presently preferred to account for these relapses is as follows: "The rickettsiostatic effect of chloromycetin was dissipated within a short time after therapy was stopped. At this early stage of infection the immune mechanism of the host had not yet had time to respond adequately to the rickettsial agent. Therefore, after a temporary interruption due to drug, the growth of the rickettsiae proceeded at an unabated rate. Finally, after an interval of five to 10 days, the rickettsial multiplication reached a level sufficient to elicit clinical manifestations again" (15) .
The variation in incidence of eschars in patients of different races has been previously observed with scrub typhus (10, 1ib) and was the experience in the present studies on persons who acquired the disease during-normal occupational duties. Furthermore, the high incidence of eschars in the Caucasians in the control chemoprophylactic group and the relatively low incidence in the Asiatics in this group was to be expected. However, the absence of eschars was an unexpected observation in those persons who developed scrub typhus after chemoprophylaxis was discontinued. It has been suggested that local cutaneous immunity developed in these persons. during the subclinical infection which was brewing during the course of prophylaxis.
SUMMARY AND CONCLUSIONS
Sixty-nine patients with scrub typhus were treated with chloromycetin. Although some of these were desperately ill when therapy was instituted, there were no deaths in this group. The mortality rate among the 19 untreated patients observed during the present work was slightly greater than 5 per cent; this agrees well with the figure of 6.7 per cent in a series of 164 patients observed by Lewthwaite in Malaya (1la).
The most commonly used therapeutic regime in the present work employed about 6.0 gms. of chloromycetin orally over a period of 24 hours. This was adequate to render patients, who acquired their disease naturally, afebrile within an average of 32 hours irrespective of the time during the course of the disease when the drug was started. These patients convalesced rapidly and had no relapses. In contrast 54 per cent of the 37 volunteers who acquired scrub typhus developed relapses; these persons had been exposed for a number of days in hyperendemic areas during chemoprophylactic field trials. It is apparent that the course of therapy given early in the disease to volunteers was not adequate to control permanently the infection in them. However, the recrudescent disease was controlled without difficulty when chloromycetin was again administered. Additional information is needed before final conclusions can be drawn about the optimal therapeutic regime. In the meantime, it is recommended that all patients with scrub typhus, irrespective of the time when treatment is started, be given an initial oral dose of 60 mg./kg. of body weight and that this to be followed by 0.25 gm. doses of drug at three-hour intervals for at least 24 hours. If a recrudescence of fever occurs, the course should be repeated.
Chloromycetin is of low toxicity for man. No significant untoward effects were observed in any of the 84 patients who received the drug in the current studies.
Chloromycetin appears in the spinal fluid and milk of human beings reaching levels about half that in the blood.
Rickettsemia may occur for short periods before fever begins in tsutsugamushi disease and for a number of hours after treated patients become afebrile.
